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A  Comparison  of  Nodes  of  Ranvier  in  Sciatic  Nerves  with  Node-Like  Structures  in  Optic 
Nerves  of the  Mouse.*  BY BETTY GEREN UZMAN  AND GLORIA  M. VILLEGAS.~  (From The Children's 
Cancer  Research  Foundation  and  the  Department  of  Pathology,  Harvard  Medical  School,  at  The 
Children's Hospital,  Boston.) § 
In a  study of myelin formation in thin sections 
of  mouse  optic  nerve,  several  node-like  discon- 
tinuities in the myelin sheath have been observed. 
Since previously published electron micrographs of 
such discontinuities in nerve fibers of the rat cen- 
tral nervous system (1, 2) lacked sufficient detail to 
resolve the glial cytoplasm--myelin lamellar rela- 
tionships,  it  appears  worthwhile  to  present  this 
comparison  of  nodal structures  in  the  peripheral 
and central nervous systems of  the mouse.  1 Since 
the term node of Ranvier is so widely used in the 
description  of  peripheral  nerve  fibers,  and  since 
there  are  differences  in  structure  between  the 
peripheral and central fibers, the analogous region 
of fibers of  the central nervous system  is here  re- 
ferred to simply as a  "node." 
Aside from the well known histological features 
of  the peripheral nodes of  Ranvier, attention has 
been  called  to  several  aspects  of  its  structure  in 
electron  micrographs:  (a)  the  high  concentration 
of  mitochondria  in  the  Schwann  cell  cytoplasm 
near  the  node  (4);  (b)  the  overhanging of  outer 
myelin lamellae at  the  node  (5),  and  the  abrupt 
change in direction of myelin lamellae at  the node 
(4,  6,  7),  both  bringing  the  termination of  each 
myelin lamella into close apposition with  the axon 
surface at  the node; (c)  the  non-syncytial nature 
of the  Schwann cell junctions at  the  node  in im- 
mature myelinating fibers (5) ; (d) the interdigitita- 
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1 The optic nerve is considered  here,  as is generally 
accepted  (3) to be of central nervous system origin and 
histological structure. 
tion  of  small  processes  extending from  the  cyto- 
plasm  of  the  adjacent  Schwann  cells  to  form  a 
"collar" around the nodal axon in the mature fiber 
(8-10);  (e)  the  covering  of  the  nodal  axon  and 
Schwann cell processes in both immature and adult 
peripheral fibers by an amorphous appearing layer 
(5,  9),  generally considered  to  be  the  basement 
membrane of the connective tissue framework, and 
(f)  the  presence of  collagen filaments outside  this 
"basement membrane" (5, 9). 
Since  the  previously published  electron  micro- 
graphs  showing detailed  structure  at  adult  nodes 
of Ranvier have been limited to amphibian tissues 
(9,  10),  and for  purposes  of  direct  comparison of 
peripheral  and  central  nodes,  the  structures  of 
mammalian  nodes  of  Ranvier  are  illustrated  in 
Figs.  1 to 3. These were obtained from sections of 
control  nerves  photographed  during  a  study  of 
degeneration  and  regeneration  of  mouse  sciatic 
nerve. 
Electron micrographs of sections through  nodes 
in the optic nerve fibers of the adult mouse (greater 
than 8 weeks of age) are illustrated in Figs. 4 to 10. 
The  prominent  features  of  the  nodes  in  the 
mature  mouse  optic  nerve  are:  (a)  the  non- 
syncytial nature of the cytoplasms of the adjacent 
glial processes2; (b) the overhanging of outer myelin 
lamellae and abrupt change in direction of myelin 
lamellae  to  bring  each  myelin lamella  into  close 
apposition  with  the  axon  surface  at  its  nodal 
termination;  (c)  the  lack  of  axon  narrowing  or 
"~tranglement" at the node; (d) the absence of inter- 
2 The  cytoplasm seen  between myelin  lamellae  at 
the nodes is called glial cell cytoplasm since it may be 
identified  as  such  in  electron  micrographs  of  fibers 
during the early stages of myelination. The reference 
is made to  the cytoplasm of a  glial cell process  since 
different processes of a single glial cell may be involved 
in  myelin  formation  around  several  different  nerve 
fibers (11). 
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digitating  glial processes  and  any  amorphous  base- 
ment membrane structure around the nodal axon; and 
(e)  the frequent appearance of other glial processes 
in relatively close apposition to the nodal axons. 
The lack of covering layers (interdigitating glial 
processes  or  basement  membranes)  around  nodal 
axons  in  optic  fibers  may  be  of  interest  to  those 
concerned  with  theories  of  saltatory  conduction 
and impulse propagation along the length of nerve 
fibers and with spread of excitation from one fiber 
to neighboring ones. 
()[ major interest to those concerned with myelin 
structure and formation is the observation, at  the 
nodes  in  optic  nerve fibers,  that  the glial process 
cytoplasm  is  arranged with  respect  to  the myelin 
lamellae in a  manner similar to  the corresponding 
Schwann  cell-myelin  relationships  at  nodes  of 
Ranvier.  Taken together with other evidence (11) 
this  provides  support  for  the  theory  that  the 
myelin sheath in optic nerve fibers is formed from 
the spirally wrapped surfaces of glial cell processes 
(to  be published by one of  us,  B.G.U.)? 
Since  this  paper  was  submitted  for  publication, 
an  article  by  H.  R.  Maturana,  The  fine anatomy  of 
the  optic  nerve of  Anurans--An electron  microscope 
study,  has  appeared  in  J.  Biophysic.  and  Biochem. 
Cytol.,  1960,  7,  107.  The  structures  at  nodes  in  the 
Anurans  optic  fibers are  described  as  depicted  here. 
The theory of glial cell-axon  relations  during  myelin 
formation  as  suggested  by  Maturana  is  confirmed in 
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its  essentials  by  our  electron  micrographs  of  roam 
malian  optic  nerve.  The  same  spiral  relationships  of 
glial cell  cytoplasm and myelin lameltae are  suggested 
in the article: The structure of  myelin sheaths in the 
central  nervous  system  of  Xenopus  la~,is  (Daudin) 
by  A.  Peters,  also  appearing  in  J.  Biophysic.  and 
Biochem. Cytol., 1960, 7,  121. 
EXPLANATION OF PLATES 
Abbreviations 
a, axon  n, nodal endings of glial cytoplasm 
bin, basement membrane  myl, myelin lamella 
m, mitochondrion  glc, glial cell process cytoplasm 
scp, Schwann cell cytoplasmic process 
Magnification.--Line on each figure is equivalent to 1 micron, unless otherwise indicated. 
FIGS. 1 to 6, 8 and 9. Osmium fixation, methacrylate imbedding. 
FtGs.  7 and 10. Osmium fixation, araldite imbedding. 
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FIGS. 1 and 2. Near longitudinal sections through nodes of Ranvier in mature mouse sciatic nerve fibers,  showing 
collar of processes around nodal axon. Myelin partially disrupted, but note lamellae ending at axon  surface.  The 
amorphous dense layer extending across nodal gap is labelled bin, basement membrane of connective tissue. Col- 
lagen filaments are seen in cross  or tangential planes of section outside the basement membrane. 
FIGS. 1 a, 2 a and b. Enlargement of FIGS. 1 and2, asindicated by cornered rectangles. Processes (scp) extemling 
into nodal gap are seen to originate from Schwann cell cytoplasm. 
Fro.  3.  Transverse section through node of Ranvier in mature mouse sciatic nerve fiber. Dense myelin clump 
lies in Schwann cell cytoplasm, seen at top and bottom of picture, indicating that section does not cross exactly 
through  the node,  but is slightly oblique.  Surrounding axon,  a,  are many  Schwann cell  cytoplasmic processes, 
cut in various planes. THE  JOURNAL OF 
BIOPHYSICAL AND  BIOCHEMICAL 
CYTOLOGY 
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FIGs.  4  to  10.  Near  longitudinal  sections through nodes in optic nerve fibers from mature  mice.  Note  lamellar 
endings at axon surface in  Figs.  4,  6,  8,  9.  Small glial processes lie closely adjacent  to  the nodal  axon regions in 
Figs. 4  to 7, 9, and  10.  The nodal axon is devoid of any covering layers,  the glial cell process cytoplasm on either 
side of the node ending abruptly without sending any cuff of processes around the nodal axon (for example, arrows, 
n,  in Figs.  4  and  7).  The tangential nature of  the section in Fig.  6  affords a  clear view of the alternation of glial 
cytoplasm  (glc) and myelin lamellae  (myl)  as the latter separate in the region of their nodal endings.  The relative 
compactness  of tissue  elements in araldite preparations,  Figs.  7  and  10,  is in contrast  to the separation  of  tissue 
components in most methacrylate specimens.  Higher  magnifications of araldite  material give no evidence of any 
covering layer around nodal axon regions, supporting the evidence in the methacrylate preparations. THE  JOURNAL  OF 
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